One-directional paper chromatography followed by bioautography has proved useful for differentiating antibiotics produced by Bacillus species in connection with a screening program. For purposes of comparison with unidentified antibiotics, Rf values have been determined with a number of solvents for most of the available Bacillus antibiotics active against gram positive bacteria and several of the polypeptidic antibiotics produced by other microorganisms. Goodall and Levi (1946) first used this technique in separating the penicillins. Since that time, it has been used with increasing scope. Several of the polypeptidic, gram positive inhibiting antibiotics have previously been separated chromatographically (bacitracin, tyrothricin, and viomycin by Fischbach and Levine, 1953;  licheniformins A, B, and C by Callow and Work, 1952;  catenulin and neomycin by Davisson et al., 1952 ; the various actinomycins by Vining and Waksman, 1954;  and actinomycin and streptothricin sulfate by Ammann and Gottlieb, 1955) .
EXPERIMENTAL METHODS
Ascending chromatograms on Whatman No. 1 paper were developed in glass jars containing 1 cm of solvent mixture. Solvent compositions are based on volume measurements of each of the components. Effects of small changes in solvent concentration were sufficiently large to warrant preparation of fresh mixtures for each use. A few ml of ammonia in a small beaker provided ammonia in the atmosphere when needed.
Samples were spotted 2 cm above the base of the paper, with a hypodermic syringe and 25-gauge needle, and dried thoroughly before placing in the solvent. After the solvent had migrated to the top of the paper (usually 12 cm) the chromatograms were dried thoroughly. Exposure to steam intermittently during the drying ensured adequate removal of acetic acid.
The migrated antibiotics were detected bioautographically in a manner similar to that of Goodall and Levi (1946) . Papers were placed for one-half hour on Difco nutrient agar plates seeded with the test organ-ism, usually Bacillus megaterium NRRL B-938. The plates were incubated at 35 C for 17 hours.
Purified antibiotics were dissolved in water, except for gramicidin and tyrocidine* HCl, which were dissolved in 95 per cent ethyl alcohol. Aterrimin (Alderton and Snell, unpublished work), available only in partially purified form, was dissolved either in dry butyl alcohol or in absolute ethyl alcohol. Crude Bacillus cultures were tested directly or as crude extracts. One mg of the purified antibiotics per ml was a practical concentration for detection with Bacillus megaterium, with the followving exceptions (mg per ml): actinomycin, 0.1; cinnamycin, 0.5; gramicidin, viomycin, and vivicil, 2; licheniformin A5 and tyrocidine. HCl mosphere in the solvent jar has made possi differentiations which were not obtained acidic solvents. Careful control of solvent con is important. Figure 1 illustrates an effect of small changes in t-butyl alcohol concentratic effects may be noted in many instances, a critical range of other solvents. The presence of acetic acid tends to imprc tion of some antibiotics, but the acid must b before bioautographic analysis. Interfering of acetic acid for three test bacteria (as n microequivalents per square centimeter) wer by paper dried in a hot-air cabinet, or at roo: ature when the relative humidity was low. Th curve was typical of acetic acid, which indi the inhibition of the bacteria was due to res rather than to the production of toxic s However, paper saturated with 10 per cent f has been rendered nontoxic and acid-free hours by evaporation in humid laboratory exposure to steam during drying.
Streaking of the antibiotic over part or entire length of the paper occurs under certa stances. This may be avoided sometimes b3 lower concentration of the antibiotic and by choice of a more appropriate solvent mixl A key to some of the gram positive inhibi peptidic antibiotics is shown in figure 2. Vari were not readily available. Solvent 1 proved satisfactory for giving a good initial spread of group of antibiotics. After determination movement in Solvent 1, other appropriate cc may be made as is indicated by the arrows. homogeneity, the most obvious explanation, may be responsible in at least some of these cases. Inasmuch as our interest was not in differentiating within families of antibiotics (for example, between the bacitracins), the use of such solvent mixtures was generally avoided for the antibiotics in question in preparing the key ( figure 2) . By the use of several test bacteria and solvents, various stocks of Bacillus have been shown to produce 2 to 4 antibiotics simultaneously. The production of only one antibiotic appears to be the exception rather than the rule. Figure 3 illustrates the presence of at least 3 antibiotics in each of three typical Bacillus whole cultures. Fractionation has further established at least two of these activities for B. subtilis NRRL B-1471 (aterrimin-producer) and 4 distinct activities for B.
subtilis NRRL B-1474.
DISCUSSION air or by
Multiplicity of antibiotic production obviously complicates attempts to identify antibiotics in unfractioneven the ated material. However, even in whole cultures similarisin circumties or differences between known and unidentified y use of a antibiotics may be noted by means of chromatography. sometimes Two-dimensional chromatography was useful in clariture.
fying results with crude preparations. Exact Rf values iting polyshould not be credited with significance in evaluating ious others impure preparations, as movement rates of antibiotics I the most may be influenced by the presence of other constituents the entire of the culture. The viscosity of whole cultures may of rate of cause failure of the sample to sink completely into the )mparisons filter paper, and thus retard movement because of delayed contact with the solvent. In our experience, iotics with the combination of antibiotically inactive whole culture broth with pure antibiotic preparations has had a i observed relatively minor effect on movement rates (0. [VOL. 4
Since the realization that the atmosphere could serve as a vector for the transmission of disease-producing agents, many investigations have been performed to determine the microbial flora of air as well as the environmental factors which affect survival. Bacteriological evaluation of the latter presents a special problem in instrumentation and technic.
The purpose of this investigation was to develop a simple, small-scale, cloud chamber technic for the study of the atomizer-bubbler apparatus of Moulton et al. (1943) . The second type of sampler impinges the bacteria directly onto a solid medium without attempting to break up clumps and is represented by the Wells' air centrifuge (1933), the funnel device of Hollaender and DallaValle (1939) , the slit sampler developed by Bourdillon et al. (1941) , the sieve device of DuBuy and Crisp (1944) and, more recently, the application of the molecular filter membrane by Goetz (1953) . Another recent technic used for analyzing aerosols is the electronic counter developed by Gucker and O'Konski (1949) .
In the present investigation, a syringe-dilution method (a liquid-collection technic) and the slitsampler method (a solid-impingement technic) were evaluated for their suitability in the analysis of static bacterial aerosols produced in the small cloud chamber to be described. These technics have been adapted from those investigated and recommended by personnel of the Chemical Corps, Camp Detrick.
EXPERIMENTAL METHODS
The cloud-chamber technic employed in our studies consisted essentially of the production of a bacterial aerosol in an inverted, one-liter, round-bottom flask (aerosol chamber) and the transfer of a portion of this aerosol to another inverted one-liter flask (transfer chamber) from which analyses of bacterial survival were made. This type of chamber was selected because
